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SUMMARY

The results of pressure—distribution measurements obtalned 1n flight
over the free—blown canopy of a fighter-type alrplane are presented. The
measurements were obtalned on the same csnopy previously tested in the
Tangiey full—scaele tunnel in order to determine the degree of corrslatlion
between flight and wlnd—tunnel results and the effects of Mach number and
distortion on the pressure distribution. The measurements show that for
comparaeble condlitions there is good agreement between flight and wind—
tunnel results for both the intermal and extermal pressure coefflcients.
It is shown that Mech number has & greater effect upon vertical load
coefflcient than on either the fore and aft or side load coefficlents.
Within the 1limit of the tests, the effect of Mach number is independent
of 1lift coefficient. The over—all effect of opening the canopy 1s to
reduce the external negative pressure coefficlents and, 1ln general, to
reduce the extermsal loads. For the canopy tested, the effects of distor—
tlon appear to be small.

INTRODUCTION

As a result of several fallures of canoples during flight, the
Bureau of Aeronautics, Department of the Navy, requested the Langley
Laboratory of the National Advisory Commlttee for Aeronsutics to conduct
a general investigatlion to determine the critical loading conditions for
repregentative canopy types. The first part of this lnvestigatlon was
to include the msasurement of the pressure distribution for three repre—
sentative canopy types 1n the Langley full—scale tunnel over a wide range
of operating conditions of power, yew, 11ft coefflcient, and canopy posi-—
tion. The canopy types investigeted are the single sliding, front and
rear sliding, and bubble types, and the results are reported in refor-
ences 1, 2, and 3, respectively.

A second part of the Investigation was to consist of flight measure—
ments over omne or two of the canoples tested to determine the degree of
correlation between full—scale—tummel results and those from flight and
to determine the severity of the effects of Mach number and distortion.
The present paper glves flight results of the pressure msasurements over



the bubble—type canopy.
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A brief indication 1s glven of how the results

may be extended beyond the scope of the flight tests to calculete loads
on the canopy.

SYMBOLS

dynamic pressure, pounds per square foot

alrplane 11ft coefficlent
internal stetlic pressure in dockpit, pounds per square foot

external pressure over canopy, pounds per square foot

free—gtream static pressure, pounds per sguare foot
P_Po
external pressure coefflicilent -ET——

Py — Po
internal pressure coefficient ___?f——-

drag, slde, and vertical external load coefficlents, respec—

tively <%or example, Cy, = EEé>
g

vertical load coefficient due to attitude

Increment 1n verticael load coefficilent due to thrust
coefficient

increment in vertical load coefficient due to Mach number

vertical external moment coefficient about leading edge of
canopy

acceleration due to gravity, feet per second per second:
mass density of alr, slugs per cubilc foot

true airspeed, feet per second

equivalent airspeed, miles per hour Vbl/g)
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M Mech number
diemeter of propeller, feet

T thrust, pounds

thrust coefflicient T
pszE

Lgs Ly, L, dreg, side, and vertical nef load, respectlively, pounds

Q torque, pound—feet

Qe torque coefficient < 9 3)

h yressure altitude, feet

A maximum cross—sectional area of canody transverse to

longltudinal axis, 2.66 square feet

CP center of pressure of canopy < G )
: Z
Subscripts:
e external
i internal
1 left
r right
APPARATUS

-Airplane apd engine.— The airplane used in these tests (fig. 1) was
a8 slngle—seated Navy flghter. With the exception of an airspeed boom
which was mounted on the right wing, there were no extermal modificatlons
to the airplane. '

The alrplane was powered by a Pratt & Whitney R-2800-34W engine
having a normal rated powsr of 2100 breke horsepower at sea level for
2800 rpm driving s four-blade Aeroproducts propeller. The propsller—
engine gear ratio was O.45 to 1. The propeller was 12 feet T iunches in
dia:me’ger having blades number H20C-162-11M5 with an activity factor
of 106.2.
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Cenopy.— The canopy wes a free—blown production model (f1g. 2) and
was the same one used in the full-—scale-tunmnel tests with the exception
that the size of orifices and tubing installed for test purposes were
made larger to minimize lag effects. The plexiglass part of the canopy
was made from a sheet 1/4 inch thick.

Instrumentation.—~ Standard NACA instrumentation was used to measure
alrspeed, altitude, acceleration, tlms, and static pressure at varlous
locaetions on the alrplans. The external static pressures on the canopy
were msasured by means of 52 flush—type orifices arranged 1n six rows
transverse to the longitudinal axis and six additional orifices for spot
checks along the line of symmetry. (See fig. 3.) Pressure tubes of

%—inch inside diemeter commected each orifice with the recording manometer.

The pressure lines were from 8 to 12 feet in length. Two additional cells
were used, one to record reference pressure in rear part of the fuselage
wilth respect to the pressure at the static holes of the pltot—static tube
and the other to record pressure In the cockplt with respect to the pres—
sure in the rear part of the fuselage. The statlc—pressure orifice in
the cockpit was located slightly less than shoulder height and to the
left of the pilot's seat.

TESTS

Insofar as possible the tests were arranged to obtain pressure dls—
tribution data that would (1) be comparable to full—scale-tunnel results,
(2) indicate Mach number effects, and (3) indicate distortion effects.

The majorlity of the flight teste consisted of pull-ups at varlous
gspeeds at an altitude of about 10,000 feet. For speeds below 190 miles
per hour, the tests were made with the canopy closed, 3 inches open, half
open, and full open (18 in.). With the canopy in the closed position the
tests were continued to a maximum Mech number of 0.717. The sldeslip
angle was not measured because in reference 3 1t willl be noted that with
small angles of sideslip the effect on the distrlbution 1s small.

A group of tests were also made in level flight at two widely
geparated altitudes 1n order to give a wlde range of thrust-—coefficilent
valuse.

In order to determine the effects of distortlon of the canopy on the
Pressure distribution, a series of tests were made at the same Mach number
end attitude but at widely separated altitudes.

The flight tests were made with the ventllators open and the propsl—
ler operating at the conditions of thrust and torque shown Iin figure b
calculated for normal rated power for the powered flights and with the
throttle fully closed for the power—off tests.
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At the higher Mach numbers the tests could not be carried to so high
values of 1lift coefficlent as were obtained in the tunnel because of the
operating limitations of the airplane. In some instances, therefore,
comparisons could not be made at exactly the same 1ift coefflcients.

METHODS ANWD RESULTS

The individual point pressures acting on the canopy surface were
first reduced to pressure coefficient form and plotted in the plane of
the six transverse sectlons shown in figure 3. In each case the pres—
sure coefficients P and P; were referenced to true free—stream static

pressure. (See symbols for definition.) The results are shown in
figures 5 to 8. Figure 5(a) shows the power—off distributlons for

four canopy positions at a 1lift coefficient of 1.18. Figure 6(a) shows
the power—on distributions for four canopy positlons at a 1ift coeffi-
cilent of 0.50. Figures 5(b) and 6(b) are comparable distributions
obtained from full—scale-tunnel measurements. Slmllar symbols end line
segmente have been used for various canopy posltions for clarity in the
comparisons. Flgure T presents distributions obtained with the canopy
closed for four Mach numbers ranging from ©.30 to 0.71 with power on and
a 1iPt coefficient of sbout 0.2. Figure 8 presents Pressure distributions
obtained at a Mach number of 0.67 and a 1lift coePficlent of about 0.2 at
about 10,000 and 28,000 feet pressure altitude. This figure is included
to show the effects of distortion for the canopy 1n the closed position.

The pressure measured wlthin the canopy during the varlous tests was
reduced to en internal Pressure coefficlent Fjy. The results are shown

In figure 9.

From plots of the type shown in figures 5 to 8 the point pressures
wore summed to obtain the load coefficient acting vertlicelly C,, +the.

fore and aft load coefficlent Cy, the load coefficlent on each half of
the canopy Cyz, Cyr, and the slde load coefflclent Cy. The process

for reducing the date used was mainly one of mmerical integration in
which the summetion of the products of the local pressure coefficient and
its effective projected ares was taken. Stray points could not be readily
detected with the numerical method; therefore, a running plot of point
Pressure cosefflicient against alrplane 1ift coefficient was made Ffor each
orifice. Since the curves obtained were straight lines below the critical
Mach number, errors could be immediately detected. Even with these
~auxiliary plots 1t was found that the method was considerebly shorter in
this case than mechanical integration.

The values of the external load coefficlents determined in this
manner are glven 1n Plgures 10 and 11. Figure 10 shows the extermsl load
coeffliclent as a functlon of the alrplane 1ift coefficient for both
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power off and power on and for four canopy poslitlons and a Mach number of
about 0.30. A similar plot for Mach numbers ranglng from 0.50 to 0.7l is
presented in figure 11 for the canopy in the closed positlion and for
power on.

The assoclated internal load coefficlents are presented in figures 12
and 13. These coefflcients were determined by methods sindler to those
for determining the extermal load coefficlent. Figure 12 gives values of
the intermsl load coefflcient at a Mach number of about 0.3 as a function
of alrplane 1ift coefficient for all canopy positlons and both power off
and power on. The load coefficlents assoclated wlth the higher Mach
numbers are presented in figure 13 wlth power on and canopy closed.

DISCUSSION

Comparison with Wind-Tunnel Tesgts

The pressure dlstrlibutlions measured In flight st low speeds confirm
the principal features noted in the full-scale—tunnel tests. Partly
opening the cenopy reduced the magnitude of the external negative pres—
sure coefficlents and increased the internal negaetive pressure coeffi-
clents, increasing the 1ift coefficlent caused a small increase in the
magnitude of the extermal pressure coefficients, and the high axisl
veloclities and rotatlon of the slipstreem at high thrust condltions
increased the magnitude of the pressure coefficlents and produced asym—
metry in the distribution of pressure.

This confirmatlion of the wind—tunnel results and the degree of cor-
relation between flight and full—scale~tunnel messurements is 1llustrated
by the pressure distributlons shown in figures 5 and 6, Power—off results
at Cr, = 1.18 are shown in figures 5(a) and 5(b). Quantitative agree—
ment exists et all four canopy positlons shown, even though the wind—
tunnel tests were made with the propeller removed at & Mach number less
than 0.1 and the flight tests were made with the propeller windmillling
at M = 0.3. Slipstream effects are illustrated in figure 6 at Cy = 0,50.
The agymmetrical change In the magnitude of the pressure coefficlents is
more merked in figure 6(b) then in figure 6(a) since the value of T, in
the wind—tunnel tests 1s larger than that in the flight tests. This 4if-
ference 1n the value of T, accounts for the fact that the peak negative

Pressure coefficlients obtalned in the full-scale—tunnel tests are higher
than those obtained in flight for the first three statlions. Stations
downwind from the maximum radlius are less affected by the thrust
differences.

A comparison of the internal pressure coefficlents obtained in flight,
power off, wlth the results obtalned in the full-scale tummel 1s given in
figure 14. Although the same canopy was used in both cases the wind-tunnel
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tegts were made on a different elrplane. Internal canopy pressure is a
function not only of the pressure distribution over the airplane but also
of the area and location of the various lesks between the interior snd
exterior, With the canopy closed the values of pressure coefficlent agree
within 20.05, even though two different airplanes were used and the cockpilt
ventilator was open In the flight tests but closed in the wind—tunnel
tests. As shown in reference L4, closging the ventilator will reduce the
cockpit pressure by 0.07q. with the canopy closed. With the canopy open

the differences between test conditions would be expected to be of less
influence, which as shown in Pigure 1k 1g the case for the two intermediate
positions. For the fully opened position, the difference between flight
and wind-tunnel tests is chiefly the result of the different locations
used for the static~Pressure orifice. TIn the flight tests the orifice

was fixed at the pilot's shoulder, whereas in the turmnel the orifice was
Fixed with respect to the canopy. The values obtalned from the full-scale
tunnel are believed more representative than the £light values.

Mach Number and Distortion

In order to give a quantitative measure of the effects of Mach number
and distortion and to establish a basis for calculating canopy loads, it
is convenient first to examine the load coefficients (especlally C;) as

influenced by canopy position, 1ift coefficient, and power.

Effect of canopy position.— It may be seen from figures 9 and 12 that
ag the canopy is opened 3 inches the pressure 1n the cockpit rapidly drops
as Indicated by the change in load coefficient Czi from a value of 0.15

to a value of 1.53. The pressure contlinues to drop as the canopy is
opened further until a value of 1.65 is reached with the canopy about
half open. With further aqpening of the canopy the Pressure rises until
Czi = 1.3 at the full-open position. The particular variatlon messured

may be assoclated with the fact that for small canopy openings the interior
1s subJected to the low—Dressure field at the opening with the configura—
tion remaining essentlially the same. At the larger openings, howsver,

the conflguration is changed and other factors such as protruding edges
and slight angles of yaw may affect the result.

The effect of canopy movement on the externsl pressures for both
flight and full-scale—tunnel measuremsnts 1llustrated in figures 5 and 6
i to reduce the negetive pressure over all but the last two stabtlons.
At these statlons no dsfinite trend may be seen. The change in the
magnitude of the external pressure coefficlents is in the direction to
reduce the Ppressure differential between the immer and outer surfaces of
the canopy. The external locad coefficients (see fig. 10) show, as would
be expected, the over—ell reduction in the magnitude of the pressure
coefficient associated with opening the canopy.
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Effect of 1ift coefficient.~ The results shown in figures 10 and 11
for the external load coefficlents and in figures 12 and 13 for the
internal load coefficlents indicate & linear increase with airplane 1lift
coefficient. This variation 1ls in line with the indications obtained
from the auxiliary plots which showed polnt pressures to vary linearly
with alrplane 1ift coefficient.

Effect of power.— From the pressure dlstributions it was observed
that power has an Influence on the general level of the Pressures
measured., For gectlions ahead of the maximum radius the negetive pres—
sures are increased while behlnd thls statlion the effect is to reduce
the negative pressures. The over—all increase may be noted in figure 10
where it 1s shown that the values for powered flight are above those for
the power—off conditions. The dlssymmetry introduced by power 1s most
easily seen from examination of figures 10 and 14, In figure 10 it may
be noted that the values of Cy for the power-on condition, regasrdless
of glde, are larger numerically than those for no power although the
resultant is quite small and varies linearly with thrust coefficlent as
may be noted from figure 1h.

From figure 12 1t appears that the intermal load coefflclents did
not vary with power condition within the limlts of the experimental srror.

Effect of Mach number and distortion.— The Pressure distributions
given in figure 7 for the canopy-closed position indicate that as the
Mach number 1s changed from 0.30 to 0.71 at constant 1ift coefficient the
point pressures over the forward two stations are Increased, whereas for
the pressures over the safter sections no consgistent verlatlon may be
noted. As shown In filgure 11, the vertical load coefficient C, and to

a lesser extent the coefficlents Cyz end Cyr which are obteined from

the conslderation of the Pressure coefficients on each half of the canopy
show a variation with Mach number., In flgures 7 and 11 Mach number
effects are linked with variations In the value of T.; therefors, the
results of figure 10 have been used to correct the load coefficient C,
to the condition for T. = 0 for several 1l1ft coefficients. The cor—
rected variastion is given In figure 15 where 1t may be seen that the
change in load coefficient C; with M 1s 1lndependent of the 1lift coef-—
filcient for the range given. It may be noted that had it been possible
to glve the distributions of figure 7 on the basis of equal or zero T,

the difference would have been larger than that shown.

The flight results obtained wlth thls canopy agree qualitatively as
regards Mach number effects wlith those reported in reference 5 for
canopy X—l which is simlilar to the one tested.

From figure 8 it is seen that in spite of a large variation in
dynamic pressure (208 to 466 1lb/sq ft) any distortion causes changes
which appear to be within the experimental error of the data.
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Extension of Resulis Beyond Scope of Tests

Although the tests carried out in connection with the program on
the flight test alrplane did not cover the full range of the deslgn
V-n diagram,the dats obtalned enable some extension beyond the range
tegted so that some discussion of the criticel loads may be made. In
this connection the results for the vertical load coefficlent C, given
in figures 10, 12, 15, and 16 together with the followlng eguation
deflning the vertical losad

Ly = a& [(CZL + M0qy + ACZM) - 021]

have been found to be useful. The value of Czy 1is available from

flgure 10 for the sppropriete canopy position for zero powsr. The incre—
ment in coefficient due to thrust coefficient 1s avallable from figure 16
for the various canopy positions. The Increment in load coefficient due
to Mach number can be obteined from figure 15. Corrections for Mach
number are only avalleble ebove M = 0.3 for the camopy—closed condition
gince operation with canopy open was restricted to speeds of less than
196 miles per hour. The value of the intermal load coefficient Czyq

may be obtained from figure 12 for the varlous canopy posltions.

The method outlined above has been applied to determins the canopy
loads along the path AB—FA of an arbltrary design V-n diagram given in
figure 17. In applying the results the computations were made for sea
level-wlth canopy closed and the engine operating at the thrust condi-
tions shown in figure 4. The results are given in figure 18 where the
full lines represent the external asrodynsmic loads and the broken line
the net aserodynamic loads; that 1s, intermal loads have boen taken into
account. The net structura.l load may be obtained by su'btra.cting the
inertia load of 42 pounds per load factor.

The results shown end the computations made in preparing figure 18
indicate that insofar as vertical load is concermed the most severe con—
dition occurs at the highest speed. The mein contribution is from the
CzL term of the equation, the other terms being simply in the nature of

corrections. This result applies Particulsrly to the canopy-closed posi-—
tion. A detailed comparison 1s not possible with other canopy positions
since Mach number corrections are not avallable. An examinatlion of the
guantities involved Indlcates, however, that as the canopy ls opened, the
net vertical load changes from exploding to crushing. Thils changs is due
to the fact that as the canopy is opened the load contributlion from the
first term in the brackets of the equation decreases and that due to the
last term Increases. At any given speed, however, the vertical crushing
load with the canopy open l1ls smaller than the verticel exploding load
wilth the canopy closed.
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From the dlscussion on net canopy loade 1t appears that 1t would be
safe to open the canopy at eny speed; however, the center of pressure of
these loads has not been determined. In this connection moment coeffi-
clents were calculated sbout the leadlng edge of the canopy for the
vertical loads wlth power off. These results are Presented In figure 19
as the center of pressure as a function of alrplane 11ft coefficlent. As
the speed is incressed in level flight the center of pressure moves
forward; also, as the canopy 1s opened the center of pressure moves
forward. It will be noted that the center of pressure wlill be approxi-—
mately halfway between the supports at the present restricted speed of
196 miles per hour. Since the magnitude of the net load is reduced as
the canopy is opensd, loads on the front support will not be larger for
the canopy opened than for the canopy closed uniess the sirplane is
subJected to yawed flight.

SUMMARY OF RESULTS

External and internsl Ppressure measursments have been made on a
bubble—=type canopy of a single—seated fighter alrplane with power off
and power on for four canopy positlions., Within the limitations of the
data the results show that:

1. Quantlitative agreement exlists between flight and full-scale wind—
tunnel measurements.

2. The over-all effect of opening the canopy is to reduce the
external negetlve pressure coefflclents,

3. The external load coefficients increase 1n megnitude with an
increase 1n 1ift coefficlent., For all conditlons tested thls lncrease,
whether with power off or power on, shows a linesar variation with angle
of attack.

4. Changes in pressure coefficients due to the effects of power
result in both an increase in negative pressure cocefficlent and load
agymetry to the right for stations ahead of the maximum radius and to
the left for statlions aft of that point.

5. The vertical extermal load coefficient Increases in magnitude
due to the effects of Mach number. Thls increment ls lndeperident of the
1ift coefficlent below the critical Mach number. Changes in other load
components due to the effects of Mach number are of a second—order nature
as compared to the magnitude of the vertical losd coefficient changes.

6. The effects of distortion do not appear to be significent for
this structurs.

7. The center of pressure of the canopy moves forward with both an
increase in speed in level flight and opening the canopy.
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8. The load coefficients obtalned from the DPressure measurements cean
be used to calculaste net structural loads on the canopy of the airplsne
under operating conditions of altitude, power, speed, and load factor
within the design V-n dlagram,

Langley Aeronsutical Iaboratory
Nationel Advisory Commlttee for Aeronautics

Langley Field, Va.
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power for four canopy positions.
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Figure 11.- Variation of load coefficient with lift coefficient and
Mach number for canopy closed and power on.
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Figure 12.- Internal load coefficient as a function of lift coefficient and power for
four canopy positions.
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Figure 13.~ Internal load coefficient as a function of lift coefficient and Mach number

for canopy closed and power on.
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Figure 14.- Variation of Internal pressure coefficient with 1lift coefficient from flight
and full-scale-tunnel tests for different airplanes, power off.
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Figure 15.- Variation of vertical load coefficient with Mach number for canopy closed
and power off, ’
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Figure 16.~ ILoad coefficient as a function of thrust coefficient for the canopy of the
test airplane. Cy = 0.62.
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Figure 17.- Arbitrary V-n diagram for test airplane with wing loading
of 37.7 pounds per square foot, sea level.
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Figure 18.- Vertical canopy loads for test airplane encountered
traversing the envelope of the V-n diagram. Rated power at
sea level. Canopy closed,
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Figure 19,- Variation of center of pressure for bubble-type canopy with lift coefficient-
for power off, M = 0.30.
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